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( 57 ) ABSTRACT 
An indoor positioning system employs a target sensor 
attached to a structure to form an anchor node . A coordinate 
system of the target sensor is aligned with a coordinate 
system of the structure . A handheld device is configured to 
transmit a signal to an object of interest and , based on a 
return signal from the object of interest and communication 
with the target sensor , generate a description of a location of 
the object of interest , the location description being provided 
in the coordinate system of the structure . 
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POSITION A TARGET SENSOR AT KNOWN 1 
COORDINATES ON A STRUCTURE 

602 

603 DIRECT A VISUAL DESIGNATOR AXIALLY ALIGNED 
WITH A BEAM OF A DISTANCE MEASURING ELEMENT 

TO DEFINE THE LOCATION OF AN OBJECT OF 
INTEREST FOR MEASUREMENT 

604 DIRECT THE BEAM OF THE DISTANCE MEASURING FROM A 
HANDHELD DEVICE ONTO THE LOCATION IN THE 

STRUCTURE OF THE OBJECT OF INTEREST 

DETERMINE A RELATIVE POSITION OF THE HANDHELD 
DEVICE WITH RESPECT TO THE TARGET SENSOR L5606 

CALCULATE A DISTANCE FROM THE HANDHELD DEVICE TO THE 
LOCATION AS DETERMINED BY THE DISTANCE MEASURING ELEMENT L5608 

DETERMINE AN ORIENTATION OF THE HANDHELD DEVICE RELATIVE 
TO A COORDINATE SYSTEM DEFINED BY THE TARGET SENSOR 5610 

5612 CALCULATE THE POSITION OF THE LOCATION BY DETERMINING A 
FIRST RELATIVE POSITION OF THE HANDHELD DEVICE RELATIVE TO 

THE TARGET SENSOR 

L5614 DETERMINE A SECOND RELATIVE POSITION OF THE LOCATION 
RELATIVE TO THE HANDHELD DEVICE BASED ON A DETERMINED 
ORIENTATION OF THE HANDHELD DEVICE AND DISTANCE OF THE 

LOCATION FROM THE HANDHELD DEVICE 

16 ADD THE FIRST AND SECOND RELATIVE POSITIONS 

DETERMINE A RELATIVE POSITION OF THE TARGET SENSOR FROM AN 
ADDITIONAL POSITIONING ELEMENT AS A THIRD RELATIVE POSITION 

5618 

V 5620 ADD THE THIRD RELATIVE POSITION TO THE FIRST AND SECOND RELATIVE POSITIONS 

FIG . 6 
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THREE DIMENSIONAL MANUFACTURING locations of desired objects within a structure being 
POSITIONING SYSTEM assembled . It is further desirable to provide a quick way to 

determine the desired installation location of a part / LRU for 
BACKGROUND INFORMATION machinists performing the assembly or recording results of 

5 an inspection 
Field 

SUMMARY 
Embodiments of the disclosure relate generally manufac 

turing process position location and more particularly to a Exemplary embodiments provide an indoor positioning 
combined system employing a position transmitter at a 10 system which employs a target sensor attached to a structure 
known location on an aircraft assembly and a handheld to form an anchor node . A coordinate system of the target 
receiver device with orientation sensing to determine rela sensor is aligned with a coordinate system of the structure . 
tive position from the transmitter and a laser designator and A handheld device is configured to transmit a signal to an 
distance measuring system to establish location of a point object of interest and , based on a return signal from the 
designated by the laser with respect to a computer aided 15 object of interest and communication with the target sensor , 
design ( CAD ) database . generate a description of a location of the object of interest , 

the location description being provided in the coordinate Background system of the structure . 
The embodiments provide a method for determining the 

During manufacturing and assembly of complex systems 20 coordinates of an object of interest in a structure by posi 
such as aircraft , rotorcraft or other comparable structures the tioning a target sensor at known coordinates on a structure . 
precise location of components and interfaces must often be The beam of a distance measuring element is then directed 
determined . To facilitate fabricating an aircraft , as an from a handheld device onto a location in a structure for 
example , the aircraft is defined by a 3D coordinate system , determining a distance . A relative position of the handheld 
commonly referred to as an aircraft station coordinate sys - 25 device with respect to the target sensor is determined . A 
tem . The aircraft station coordinate system is based on an distance from the handheld device to the location is calcu 
orthogonal three axis ( XYZ ) system wherein the X - axis of lated as determined by the distance measuring element and 
this system is positive pointing fore - aft and is typically the position of the location based on the relative position of 
called the station ( STA ) ( alternately referred to as the the handheld device and distance of the location from the 
fuselage station ( FS ) or workstation ( WS ) ) , the Z - axis is 30 handheld device is then calculated . 
positive pointing upward and is known as the water line The features , functions , and advantages that have been 
( WL ) , and the Y - axis is positive pointing along the plane ' s discussed can be achieved independently in various embodi 
right wing . The Y - axis is usually called the butt line ( BL ) . ments of the present disclosure or may be combined in yet 

To ensure that the completed aircraft meets all required other embodiments , further details of which can be seen with 
fabrication and safety standards , numerous inspections are 35 reference to the following description and drawings . 
conducted during the fabrication process . In some instances , 
the inspection may reveal that a component is defective or BRIEF DESCRIPTION OF THE DRAWINGS 
installed at the wrong location . In this case , the inspector 
will fill out a form that includes the location of the compo - FIG . 1 is block diagram schematic representation of the 
nent on the aircraft . As discussed above , locations within the 40 interacting elements of an exemplary embodiment ; 
aircraft are determined based on the aircraft station coordi - FIG . 2 is a pictorial view of an exemplary aircraft 
nate system . Therefore , the location of faulty parts , for assembly line with an aircraft employing the embodiment 
example , will be given based on the aircraft station coordi - for manufacturing and inspection processes on the line ; 
nate system as STA # # # , WL # # # and BL # # # . The aircraft FIG . 3 is a detailed view of the handheld device employed 
station coordinate system as currently implemented provides 45 in the embodiment ; 
only a rough location for the interior of the aircraft . More FIG . 4 is a schematic diagram for relative position cal 
specifically , the aircraft station coordinate system does not culation between elements of the embodiment ; 
provide sufficient location detail to enable a technician to FIG . 5 is a diagram showing orientation calculation for 
quickly and accurately locate a part or component that has the handheld unit in the embodiment ; and , 
been determined to be faulty by a previous inspection or for 50 FIG . 6 is a flow chart of a method for location detection 
identification of an installation location . For example , the employing the embodiment . 
X - Axis or STA axis may be laid out in ten foot graduations 
along the length of the aircraft , annotated with placards or DETAILED DESCRIPTION 
similar visual cues placed every ten feet on the interior of the 
aircraft along the workstation axis . However , because of the 55 The system and methods described herein provide 
complexity of modern aircraft , there may be numerous embodiments for an indoor positioning system ( IPS ) that 
switches , valves , etc . all located within the general area enables determination of a precise location of a part on an 
described by the marked STA in the aircraft station coordi aircraft . The precise location may then be provided to a 
nate system . Thus , it may be difficult for the technician to recording system and / or to a second person to enable the 
identify a specific part within the aircraft . WL and BL 60 second person to more easily locate the part . The system 
locations are generally intuitively known or measured out includes a sensor , referred to as a target sensor , that is 
when needed . The existing solution for identifying a specific mounted to a known location on the aircraft . The target 
location within the structure requires physical measurement sensor forms the anchor node of the IPS . More specifically , 
of the location of objects on the airplane by visually finding the target sensor is mounted such that X , Y , Z coordinates of 
STA locations and determining WL and BL . 65 the target sensor align with a known WL , BL , and the STA 

It is therefore desirable to provide an automated relative position on the aircraft . The system also includes a portable 
location sensing system for greater efficiency in finding handheld device . The handheld device includes its own 
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sensor capable of determining a relative location of the trigger 38 or similar control may be employed to activate the 
handheld within the aircraft based on information transmit distance measuring element 36 and may be a multi - position 
ted between the target sensor and the sensor located within trigger to initially activate the laser pointer and then upon 
the handheld device . The handheld device additionally further contraction activate the distance measuring element . 
includes orientation sensing capability . Thus , the handheld 5 As previously described , an orientation sensor 40 is present 
device knows its own location and orientation with respect which may also be activated by the trigger 36 to provide data 
to the WL , BL , and the STA lines . on orientation to a microcontroller 42 with an associated 

In operation , the handheld device is configured to transmit memory 44 . A portable sensor 46 , typically a transmitter / 
a signal , such as a laser signal to a feature or part to be receiver , is employed for communication with the target 
located . More specifically , if a user desires to identify an 10 sensor 10 ( seen in FIGS . 1 and 2 ) . A display 48 may be 
exact location of a specific part , the user merely points the provided to display results of the position of location 24 with 
handheld device at the part using an integral laser pointer to a description such as STA , WL and BL coordinates upon 
orient the handheld device at which time a laser distance calculation by the system , as will be described subsequently . 
measurement signal is transmitted to the part . The handheld Additional controls such as keypad 50 may be provided to 
device is adapted to receive the laser return signal from the 15 command storage of data in the microcontroller memory 44 , 
part and use that laser return signal to calculate a distance scrolling of prior data points or other functions . 
between the handheld device and the part . Moreover , Returning to FIGS . 1 and 2 , one or more additional 
because the handheld device has a known relative position position elements 60 may be provided , for example at fixed 
within the aircraft , based on information derived from the locations within the assembly line 20 to provide one or more 
target sensor , the orientation and distance information may 20 fixed references external to the structure , for example to 
be combined with the positional information to generate a provide relative position of the target sensor 12 on the 
three - dimensional position of the part within the aircraft . aircraft within the assembly line or to provide an actual 
Alternatively , the reverse process may be employed find the physical location of the object of interest . The positional 
location of a part . A location using WL , BL and STA lines elements 60 may have comparable functionality as the target 
derived from drawings or a CAD database may be entered 25 sensor 12 . Wireless communication from the additional 
into handheld device using a key pad and directional indicia position elements , represented by arrow 61 , may be received 
on a screen , such as display of current and desired location by the first position element and / or hand held device , 
of the laser pointer , may then be employed to direct the directly or indirectly . Additionally , the handheld device 12 
orientation of the handheld to point the laser pointer to be may communicate wirelessly , as represented by arrow 62 
positioned on the part . 30 with a server or computer 64 providing CAD data for 

Referring to the drawings , FIG . 1 shows an indoor posi additional information relevant to the identified location 24 , 
tioning system 8 that includes a target sensor 10 and a which may then be displayed , or for remote storage or 
handheld device 12 adapted for wireless communication , reporting of the location 24 , as an example , for inspection 
represented by arrow 14 . The target sensor 10 is mounted at records . 
a known position with an orthogonal reference , X , Y , Z 35 Position determination between the target sensor 12 , the 
aligned with the STA , WL and BL coordinate system of a additional position elements 60 and the handheld device 12 
structure in which the embodiment is being employed . In may be accomplished as shown in FIG . 4 . A first one of the 
one exemplary use , the target sensor 10 is mounted to a components 70 provides three points 71a , 716 and 71c offset 
known location on an interior of ? ? ? a fuselage 16 of an from an origin 72 of an orthogonal coordinate set defining 
aircraft 18 being assembled on a production line 20 as shown 40 distances a , b and c respectively from the origin . A second 
in FIG . 2 . Returning to FIG . 1 , the handheld device 12 is one of the components 74 provides relative position 75 , 
adapted to define an offset orthogonal coordinate system x , defined as T2 . The points 71a , 716 and 71c may comprise 
y , z aligned with the XYZ reference of the target sensor . The transmitters or receivers electronically coupled to a corre 
handheld device 12 also includes an orientation sensor 40 sponding receiver or transmitter at the offset origin 75 . The 
which may be implemented as known in the art with a three 45 transmitters and receivers employed in the target sensor 12 
axis accelerometer and a three axis gyroscope or similar and additional positional elements 60 may be such devices 
commercially available configuration . The handheld device a RFID tags and RFID receivers with distance sensing . 
12 may employ a laser pointer or similar device to produce Spacing of the RFID tags at a , b and c is determined for 
a reference beam 22 with a visible indicator or spot that is sufficient angular resolution for the calculations described 
pointed at an object of interest 23 at a location 24 such as a 50 subsequently . 
feature , part or component for which a definitive location A vector providing angle and distance information 
identification is desired . A distance measurement from the between the origin 72 and the relative position 75 , Ty , of the 
handheld device 12 to the location 24 may be made using the second component . The points 71a , 716 and 71c have radii 
same laser as the pointer or a secondary laser or ultrasonic Part2 , fb , t2 and rc , t2 respectively from T2 , defined as vector 
system coaxial with reference beam 22 , as described sub - 55 D Pr , 12 , and geometrically , sequently . The orientation sensor establishes a rotated 
orthogonal reference x ' , y ' , z ' defined by the pointing action ( " a : 12 ) = ( x - 2x ) + ( 1 – a , ) + ( 2 - a . ) eqn # 1 
of the handheld device 12 . ( Sb , 12 ) = ( x - bx ) 2 + ( 3 - by ) 2 + ( 2 - b , ) ? eqn # 2 

Details of an exemplary handheld device 12 are shown in 
FIG . 3 . A case 30 provides a handle 32 to manipulate the 60 ( 10 , 12 ) = ( x - cz ) 2 + ( v = Cy ) + ( 2 - c , ) ? eqn # 3 
handheld device 12 . A visual designator 34 , which may be where ( a , a , a , b , b , b , ] and [ c , c , , c , are vectors for the 
a laser pointer or similar device , provides a beam or spot locations of the points 71a , 716 and 71c from the origin 72 
which may be focused on the location 24 as previously and x , y and z are the coordinates of relative position 75 of 
described . A distance measuring element 36 , which may be the second component from the origin 72 . Letting ( x , y , z ) = 
a second function of the laser in the laser pointer as one 65 
integral unit , or a secondary device such as an ultrasonic Pabc then 
emitter / detector is coaxially targeted on the location 24 . A P + 2 = Pubc + Pr , 12 eqn # 4 
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providing the position of the second component 74 relative The embodiments disclosed provide a method for deter 
to the known origin of the first component 70 . These mining the location of an object of interest within the 
equations may be employed for calculation of relative structure based on either the target sensor providing coor 
position between the target sensor 10 and handheld device dinates in the aircraft coordinate system or a fixed alternate 
12 , and / or the target sensor and additional position element 5 sensor on the assembly line for actual physical location as 
60 . The microcontroller 42 in the handheld device 12 may be shown in FIG . 6 . A target sensor is positioned at known 
employed to perform the calculations described for relative coordinates on a structure , step 602 . A visual designator 

axially aligned with a beam of a distance measuring element position between the target sensor 10 and handheld device 
is directed to define the location of an object of interest for 12 , with an RFID sensor as the portable sensor 46 and with 10 measurement , step 603 . The beam of the distance measuring spaced RFID tags in the target sensor defining points 71a , element is then directed from a handheld device onto the 716 and 71c . location in the structure of the object of interest , step 604 . A Calculation of the position of location 24 relative to the relative position of the handheld device with respect to the handheld device 12 is accomplished using the distance target sensor is determined , step 606 and a distance from the measuring element 36 . Presuming that the reference beam e beam 15 handheld device to the location is calculated as determined 22 of the distance measuring element is coaxial with an x ' by the distance measuring element , step 608 . An orientation 

axis of the handheld device as shown in FIG . 1 , the position of the handheld device relative to a coordinate system 
vector of the location 24 relative to the handheld device 12 defined by the target sensor is determined , step 610 . The 
will be [ x ' y ' z ' ] = [ d 0 0 ] where d is the distance measured by position of the location may then be calculated by deter 
the distance measuring element . For example , if the distance 20 mining a first relative position of the handheld device 
measuring element is a laser , d = c ( t2 - t . ) where c is the speed relative to the target sensor , step 612 and determining a 
of light and to is the emission time of the beam and tz is the second relative position of the location relative to the 
time of receipt of the reflected beam from location 24 and handheld device based on a determined orientation of the 
may be calculated by the microcontroller in the handheld handheld device and distance of the location from the 
device . 25 handheld device , step 614 , and adding the first and second 

The orientation sensor 40 is employed to calculate the relative positions , step 616 . A relative position of the target 
relative position of location 24 with conversion of the sensor from an additional positioning element may be 
rotated coordinates x ' , y ' and z ' of the handheld device to the accomplished as a third relative position , step 618 . The third 
offset coordinates x , y , z parallel to the coordinates of the relative position may then be added to the first and second 
target sensor as previously described as shown in FIG . 5 . 30 FIG 5 30 relative positions to determine a position of the location 

relative to the additional positioning element , step 620 , to Conversion of the coordinates of location 24 defined as L? is provide , as an example , an actual physical location of the 
object of interest on the assembly line . Ig = [ x y z ] = [ d cos ( $ i ) cos ( S2 ) d cos ( $ i ) sin ( $ 2 ) d cos ( $ 3 ) 

sin ( $ j ] Having now described various embodiments of the dis 
35 closure in detail as required by the patent statutes , those 

Position of the location 24 , Pro is then calculated as skilled in the art will recognize modifications and substitu 
tions to the specific embodiments disclosed herein . Such 

P - Panc + Pr , 12 + 1 , modifications are within the scope and intent of the present 
disclosure as defined in the following claims . 

where Pabc is the location of the target sensor 10 as the first 40 What is claimed is : 
1 . An indoor positioning system comprising : 

component as previously described , Pr , t2 is the calculated a target sensor attached to a structure , said structure 
location of the handheld device 12 as the second component , movable on an assembly line , said target sensor having 
and L , is the relative position of location 24 from the a plurality of transmitters positioned offset from an 
handheld device . 45 origin to define an orthogonal coordinate system of the 

The position relative of the location 24 to an additional target sensor , said orthogonal coordinate system of the 
position element 60 may be similarly calculated as target sensor being aligned with a station , water line 

and butt line ( STA , WL and BL ) coordinate system of 
P = PLs + PHH VI , the structure as defined in computer aided design 

( CAD ) data for the structure ; and 
where Pts is the calculated relative position between the a handheld device adapted to communicate wirelessly 
additional position element 60 as the first component 70 and with a computer providing the CAD data and having 

a distance measuring element to transmit a signal to an the target sensor 12 as the second component 74 , as previ object of interest and to receive a return signal from 
ously described and Phu is the calculated relative position 55 the object of interest , 
between the target sensor 10 as the first component 70 and a portable sensor with a receiver adapted for commu 
the handheld device 12 as the second component 74 as nication between the handheld device and the plu 
previously described . This allows defining an actual physi rality of transmitters in the target sensor , 
cal location of the object of interest on the assembly line an orientation sensor adapted to establish an offset 
based on the position relative to the fixed additional position 60 orthogonal coordinate system with coordinates x , y , 
element . z parallel to the orthogonal coordinate system of the 

While described herein with relation to offset orthogonal target sensor and a rotated orthogonal reference with 
reference systems , the relative positions of the elements in coordinates x ' , y ' and z ' defined by a pointing action 
the system may be determined in spherical coordinates using of the handheld device , and , 
comparable distance and angle measurement techniques and 65 a microcontroller , 
then converted to an orthogonal coordinate representation in said microcontroller connected to the portable sensor and 
STA , WL and BL coordinates by the microcontroller . orientation sensor and adapted to calculate vectors for a 

eqn # 5 

50 
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relative distance and orientation between the rotated directing a beam of a distance measuring element from 
orthogonal reference of the handheld device , and the origin the handheld device onto a location in the structure to 
of the orthogonal coordinate system of the target sensor transmit a signal to a location and to receive a return 
based on the offset of the plurality of transmitters from the signal from the location to measure a distance ; 
origin , said vector calculations comprising a vector Pt2 = communicating between the handheld device and the 

plurality of transmitters with a portable sensor having 
Pabc + Pr , 12 wherein Pr , 12 , is defined geometrically as a receiver adapted to communicate with the plurality of 
( ra , 2 ) = ( x - a ) ( y - a , ) ? + ( 2 - a ) ? ; ( 16 , 72 ) 2 = ( x - bx ) 2 + ( y - b , ) ? + transmitters to determine a vector position of the hand 
( z - b ) ” ; ( re , 2 ) = ( x - cx ) + ( y - cy ) + ( 2 - c ) , and [ a , a , a ] [ b _ by held device in the coordinate system with respect to the 
bz ] and [ cz cy , cz ] are vectors for the locations of the 10 target sensor ; 
transmitters offset from the origin , and t2 is the position of calculating with a microcontroller connected to the por 
the offset orthogonal coordinate system , said microcon table sensor and adapted calculate a distance based on 
troller further adapted to calculate a distance between the the transmitted signal and received return signal , a 
handheld device and object of interest based on the trans distance from the handheld device to the location as mitted and received return signals wherein a position vector 15 determined by the distance measuring element ; and , of the object of interest relative to the handheld device is [ x ' , calculating with the microcontroller connected to the y ' , z ' ] = [ d , 0 , 0 ] and d is a distance measured by the distance portable sensor and adapted to calculate a vector based measuring element , and conversion of the coordinates of the on the coordinate system for a relative distance and object of interest is defined as Ls = [ x , y , z ] = [ d cos ( Si cos ( $ 2 ) , 
d cos ( Si ) sin ( S2 ) , d cos ( S3 ) sin ( S1 ) ] wherein Si is an angle 20 orientation between the handheld device and the target 
between x and x ' , $ , is an angle between y and y ' and Ez is sensor wherein a rotated orthogonal reference of the 
an angle between zand z ' thereby providing a vector position handheld device , and an origin of the orthogonal coor 

dinate system of the target sensor based on an offset of 
of the object of interest as P = Pabc + Pr , 12 + Ls , and the the plurality of transmitters from the origin , said vector 
micro controller further adapted to display a description of 25 
a location of the object of interest in the coordinate system calculations comprising a vector Pt2 = Pube + 
of the structure relative to the CAD data . Pr , 12 wherein Pr , 12 , is defined geometrically as 2 . The indoor positioning system of claim 1 , wherein the ( ra , 12 ) = ( x - 2 ) + ( y – a , ) + ( z – a , ) ? ; ( P6 , 12 ) = ( x - bx ) + ( y target sensor incorporates RFID tags as the plurality of by ) ² + ( z - bz ) ? ; ( re , 2 ) = ( x - cx ) ? + ( y - c , ) ² + ( 2 - c _ ) , and [ ? , transmitters and the portable sensor comprises an RFID 30 
receiver . a , , a , ] [ bb , b ] and [ c , c , , cz ] are vectors for the locations 

3 . The indoor positioning system of claim 1 , wherein the of the transmitters offset from the origin , and Tz is the 
position of the offset orthogonal coordinate system , and structure is an aircraft , and the coordinate system of the 

structure is an aircraft station coordinate system . to calculate a second vector for position of the location 
4 . The indoor positioning system as defined in claim 3 35 based on the vector position of the handheld device 

further comprising a display on the handheld device to with respect to the target sensor and distance of the 
display the description of the location in the aircraft station location from the handheld device wherein [ x ' , y ' , 
coordinate system . z ' ] = [ d , 0 , 0 ] and d is the distance measured by the 

5 . The indoor positioning system of claim 1 , wherein the distance measuring element , and conversion of the 
distance measuring element is configured to transmit a laser 40 coordinates of the object of interest is defined as L = [ x , 
signal and the microcontroller is adapted to determine a y , z ] = [ d cos ( S1 ) cos ( S2 ) , d cos ( S1 ) sin ( S2 ) , d cos ( S3 ) sin 
distance from the handheld device and the object of interest ( 51 ) ] wherein Si is an angle between x and x ' , $ 2 is an 
based on a return laser signal received by the distance angle between y and y ' and Ez is an angle between z and 
measuring element . 

6 . The indoor positioning system of claim 1 wherein the 45 z ' , said second vector comprising P = P12 + C? to define 
distance measuring element is selected from the set of a laser an actual physical location of the object of interest on 
distance measurement device and an ultrasonic distance the structure with respect to the CAD data . 
measurement device . 11 . The method as defined in claim 10 wherein the 

7 . The indoor positioning system of claim 1 further handheld device includes an orientation sensor and further 
comprising a visual designator having a coaxial beam with 50 comprising determining an orientation of the handheld 
the distance measuring element . device with the orientation sensor and calculating with the 

8 . The indoor positioning system of claim 7 wherein the microprocessor a rotated orthogonal reference relative to the 
visual designator is a laser pointer . coordinate system defined by the plurality of transmitters in 

9 . The indoor positioning system as defined in claim 1 the target sensor . 
further comprising an additional position element config - 55 12 . The method as defined in claim 10 further comprising 
ured to communicate with the target sensor to define a fixed directing a visual designator axially aligned with the beam 
reference position external to the structure . of the distance measuring element to define the location for 

10 . A method for determining the coordinates of an object measurement . 
of interest in a structure comprising : 13 . A method for determining the coordinates of an object 

positioning a target sensor having a plurality of transmit - 60 of interest in a structure comprising : 
ters positioned to define an orthogonal coordinate sys positioning a target sensor having a plurality of transmit 
tem of the target sensor aligned with known station , ters positioned to define an orthogonal coordinate sys 
water line and butt line ( STA , WL and BL ) coordinates tem of the target sensor aligned with known station , 
on the structure as defined in computer aided design water line and butt line ( STA , WL and BL ) coordinates 
( CAD ) data for the structure ; 65 on the structure ; 

communicating wirelessly between a handheld device and directing a beam of a distance measuring element from a 
a computer providing the CAD data ; handheld device including an orientation sensor to 
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transmit a signal to a location and to receive a return held device using the orientation sensor by calculating 
signal from the location in the structure for determining a rotated orthogonal reference [ x ' , y ' , z ' ] relative to the 
a distance ; orthogonal coordinate system defined by the plurality 

communicating between a portable sensor in the handheld of transmitters in the target sensor said second vector 
device with a receiver adapted for communication 5 comprising as Ls = [ x , y , z ] = [ d cos ( Si ) cos ( S2 ) , d cos ( S ) 
between the handheld device and the plurality of trans sin ( 52 ) , d cos ( 53 ) sin ( S1 ) ] wherein [ x ' , y ' , z ' ] = [ d , 0 , 0 ] 
mitter / receivers to determine with a microcontroller and d is a distance from the handheld device to the connected to the portable sensor and orientation sensor location measured by the distance measuring element a vector position of the handheld device with respect to and Si is an angle between x and x ' , $ 2 is an angle the target sensor based on the coordinate system ; 10 between y and y ' and $ 3 is an angle between z and z ' ; using the microcontroller adapted to calculate vectors for and , a relative distance and orientation between the hand 
held device and the target sensor , determining a first adding the first and second relative positions in the 
relative position of the handheld device relative to the microcontroller to define an actual physical location of 
target sensor based on the vector position of the hand - 15 the object of interest on the structure as P = Pt2 + Cs . held device with respect to the target sensor comprising 14 . The method as defined in claim 13 further comprising 
a vector Prz = Pabc + Pr , 12 wherein Pr , 12 , is defined determining with the microcontroller a relative position of 
geometrically as ( 12 , 2 ) = ( x - 2 ) + ( y - a , ) + ( 2 - a ) ; 12 . the target sensor from an additional positioning element as 

a third relative position . ( 15 , 2 ) = ( x - b . ) ? + ( y - b , ) 2 + ( z - b . ) ? ; ( re , 12 ) = ( x - c ) + ( y - 20 
c ) 2 + ( z - cz ) , and [ a , a , a , ] [ bx b , b , ] and [ cz c , , cz ] are 20 15 . The method as defined in claim 14 further comprising 

adding the third relative position to the first and second vectors for locations of the transmitters offset from an relative positions in the microcontroller to determine a origin of the orthogonal coordinate system , and tz is the position of the location relative to the additional positioning position of an offset orthogonal coordinate system of 
the handheld device ; element to define an actual physical location of the object of 

25 interest on an assembly line based on the position of the using the microcontroller , determining a second vector for location relative to the additional position element . relative position of the location relative to the handheld 
device based on a determined orientation of the hand 


